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DESCRIPTION 
NETWORK 

Technical Field 

The present invention relates to a network over which 
various sensors in a system, such as a motor car, perform 
data communication - 
Background Art 

For example, in- vehicle sensors, including a collision 
avoidance radar, a sensor for measuring the number of 
rotations of wheels, and a sensor for detecting the rudder 
angle of a steering wheel, have heretofore been networked 
over, for example, a controller area network (CAN) bus. 

In such a network over which multiple sensors are 
connected to the bus, the sensors must be synchronized with 
each other in order to improve the transmission efficiency 
of the bus and to cause the sensors to perfoarm the 
measurement in accordance with a common time base. 

Networks in which sensors connected to a bus operate in 
synchronization with each other are disclosed in Patent 
Documents 1 to 3 . 

Patent Document 1 discloses a network in which an 
uppermost -stream data transmission device generates a 
synchronization signal indicating a timing of data 
acquisition and each downstream data transmission device 
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samples a signal from a current sensor on the basis of a 
sampling signal generated by correcting the synchronization 
signal based on a propagation delay time. 

Patent Document 2 discloses a network including 
multiple computer terminals and a time -management computer 
terminal (reference terminal) , which measures a reference 
time for all the computer terminals connected over the 
network. In this network, when a measurement computer 
receives a processing request from the time management 
computer terminal, the measurement computer records the 
measurement data output from the sensors in the measurement 
computer, along with time information that is received. 

Patent Document 3 discloses a system in which a sensor 
connected to a network follows a measurement sequence in 
accordance with a trigger signal generated by another sensor 
to perform measurement and calculation. In this system, the 
sensor is capable of performing a predetermined measurement 
operation in synchronization with the trigger signal 
supplied from the other sensor. 

Patent Document 1 : Japanese Unexamined Patent 
Application Publication No. 6-94779 

Patent Document 2 : Japanese Unexamined Patent 
Application Publication No. 10-97506 

Patent Document 3 : Japanese Unexamined Patent 
Application Publication No. 10-111151 
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Disclosure of Invention 

Problems to be Solved by the Invention 

However, the network disclosed in Patent Document 1 can 
be used only under the condition that a constant propagation 
delay time is always ensured. In other words, the network 
cannot be used if the timing when the data is output to the 
network can be varied due to, for example, bus arbitration. 

Since the reference clock (the time management computer 
terminal) for the synchronization is required in the network 
disclosed in Patent Document 2, the network becomes 
complicated and is increased in cost. 

Since the device for generating the trigger signal is 
required for every sensor in the network disclosed in Patent 
Document 3, the system becomes complicated and is increased 
in cost- In addition, since each sensor operates on the 
basis of the trigger signal generated by another sensor, the 
measurement and calculation times of a certain sensor cannot 
be determined. Accordingly, after one sensor completes the 
measurement and calculation, another sensor operates. As a 
result, there is a problem in that it is not possible to 
concurrently operate multiple sensors and, therefore, a 
higher usability of the network cannot be achieved. 

An object of the present invention is to provide a 
network in which network devices can be synchronized with 
each other even when the time management is not centralized. 
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Means for Solving the Problems 

In order to solve the above problems, the present 
invention ds structured in the following manner. 

(1) In a network according to an aspect of the present 
invention, including a bus through which data is transmitted 
and a plurality of network devices connected to the bus, at 
least one of the plurality of network devices includes 
measurement means for measuring a certain variate in a 
predetermined measurement cycle and data output means for 
outputting a result measured by the measurement means on the 
bus and at least another one of the plurality of network 
devices includes means for detecting the predetermined cycle 
from a plurality of timings when the measurement result is 
output on the bus, measurement means for measuring a certain 
variate at measurement timings on the basis of the 
predetermined cycle, and data output means for outputting a 
result measured by the measurement means on the bus . 

(2) In a network according to another aspect of the 
present invention, including a bus through which data is 
transmitted and a plurality of network devices connected to 
the bus, at least one of the plurality of network devices 
includes measurement means for measuring a certain variate 
at measurement timings on the basis of a predetermined 
reference timing and data output means for adding 
information concerning the measurement timings to a result 
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measured by the measurement means and outputting the result 
on the bus . 

(3) In the network according to the present invention, 
at least another one of the network devices includes 
measurement means for measuring a certain variate at 
measurement timings that are determined on the basis of the 
measurement timing information added to the measurement 
result with respect to a base time when the measurement 
result is output, and data output means for outputting a 
result measured by the measurement means on the bus. 

(4) In the network according to the present invention, 
the predetermined reference timing is a timing generated by 
at least one of the network devices . 

(5) In the network according to the present invention, 
the predetermined reference timing is a timing when a 
certain network device, among the plurality of network 
devices, outputs a signal on the bus. 

Advantages 

(1) At least one (a first network device) of the 
multiple network devices measures a certain variate in a 
predetermined measurement cycle and outputs the measurement 
result on the bus. Accordingly, at least another one (a 
second network device) of the network devices can detect the 
measurement cycle of the first network device from multiple 
timings when the measurement result is output on the bus and 
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can perform the measurement at the measurement timings on 
the basis of the predetermined cycle. As a result, the 
first and second network devices can perform the measurement 
in synchronization with each other. 

(2) At least one of the multiple network devices 
measures a certain variate at measurement timings on the 
basis of a predetermined reference timing by the measurement 
means and adds information concerning the measurement 
timings to a result measured by the measurement means to 
output the result on the bus by the data output means . 
Accordingly, the network device that has read the data 
output on the bus not only knows the measurement result but 
also knows the reference timing, on which the measurement 
timings are based, from the read timing and the added 
information concerning the measurement timings. Hence, the 
multiple network devices connected to the bus can operate in 
synchronization with each other without using a control line 
for synchronization control or a reference clock. 

(3) At least one (the first network device) of the 
multiple network devices performs the measurement at 
measurement timings that are determined on the basis of the 
measurement timing information added to the measurement 
result with respect to a base time when the measurement 
result is output, and adds the measurement timing 
information to the measurement result to output the 
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measurement result on the bus. Accordingly, the network 
device (the second network device) that has read the data 
output on the bus can know the measurement and calculation 
timings (the measurement timing information) of the first 
network device. Hence, the second network device can 
determine timings when the second network device starts the 
measurement by calculating back the output timings by the 
first network device on the bus. As a result, the first and 
second network devices can perform the measurement in 
synchronization with each other. 

According to the present invention, the 
"synchronization" is not limited to synchronous operation 
and may be a state in which multiple network devices operate 
at predetermined timings. 

(4) Performing the measurement by using the timing 
generated by the network device as the reference timing 
allows the present invention to be applied to a case where 
no device generating a reference timing signal exists, thus 
simplifying the entire structure of the network. 

(5) Using a timing when a certain network device, among 
the plurality of network devices, outputs a signal on the 
bus as the reference timing eliminates the need to provide a 
device generating the reference timing in the network, thus 
simplifying the entire structure of the network. 

Brief Description of the Drawings 
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Fig. 1 is a block diagram showing the structure of a 
network according to first to third embodiments. 

Fig. 2 is a timing chart showing how a bus and network 
devices operate in the network according to the first 
embodiment . 

Fig. 3 is a flowchart showing a process of an 
arithmetic processor in a certain network device in the 
network according to the first embodiment. 

Fig. 4 is a timing chart showing how a bus and network 
devices operate in the network according to the second 
embodiment . 

Fig. 5 is a flowchart showing a process of an 
arithmetic processor in a certain network device in the 
network according to the second embodiment. 

Fig. 6 is a timing chart showing how a bus and network 
devices operate in the network according to the third 
embodiment . 

Fig. 7 is a flowchart showing a process of an 
arithmetic processor in a certain network device in the 
network according to the third embodiment . 
Reference Numerals 

1 bus 

2 network device 
10 0 network 

Best Mode for Carrying Out the Invention 
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A network according to a first embodiment will be 
described with reference to Figs. 1 to 3. 

Fig. 1 is a block diagram showing the entire structure 
of the network. Referring to Fig. 1, a bus 1 is, for 
example, a twisted pair cable or an optical fiber cable and 
data is transmitted over the bus 1. Multiple network 
devices 2a, 2b, 2c, ... 2m are connected to the bus 1. The 
network devices basically have the same structure in the 
example shown in Fig. 1. Each network device has a sensor 
21, an arithmetic processor 22, and a controller 23. The 
sensor 21 measures a certain variate. The controller 23 
detects the state of a signal on the bus 1 to control input 
and output of the data. The arithmetic processor 22 
performs predetermined arithmetic processing for the result 
of the measurement by the sensor 21, outputs the result data 
through the controller 23, and performs predetermined timing 
control - 

The sensors in the multiple network devices 2a, 2b, 2c, 
... 2m include, for example, a radar for detecting a target 
forward a motor car, a radar for detecting a target backward 
the motor car, a sensor for the rudder angle of the steering 
wheel of the motor car, an orientation sensor of the car 
body, an acceleration sensor of a yaw rate, etc., an 
accelerator sensor, and a brake sensor. 

Fig. 2 is a timing chart of the bus 1 and the network 
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devices 2a and 2b in the network 100 in Fig. 1. For example 
the network device 2a is a forward looking radar for 
monitoring a target forward the motor car and the network 
device 2b is a neighborhood radar for monitoring a target 
around the motor car. The network devices 2a and 2b repeat 
measurement at the same timings in a predetermined- cycle in 
the example in Fig . 2 , 

The network device 2a starts the measurement ("A 
measurement n") at a timing "tn" followed by calculation ("A 
calculation n") and outputs data ("A output") on the bus 
immediately after the "A calculation n" . Simultaneously 
with the data output, the network device 2a starts the 
subsequent measurement ("A measurement n+1") followed by the 
calculation ("A calculation n+1") and outputs the data ("A 
output") on the bus immediately after the "A calculation 
n+1" . The network device 2a repeats the measurement and 
calculation in a predetermined cycle "T" in the above manner 
The measurement timing of the network device 2a is unknown 
to the network device 2b at first. 

After starting the operation, the network device 2b 
detects the timing when the "A output" is output on the bus 
1. This detection is performed by normally enabling a timer 
built in the network device 2b and reading out a value of 
the built-in timer at a time when data given the ID of the 
network device 2a is detected. 

DOCSNY.187087.1 



- 11 - 



After the timing "tn" when the data "A output" is 
output is detected, the network device 2b waits for 
detection of the subsequent "A output" to acquire a new 
timing "tn+1" when the data is output. 

At this time, the network device 2b knows the timing 
"tn+1" when the network device 2a starts the measurement and 
a measurement cycle "T" (T = tn+1 - tn) . 

Accordingly, the network device 2b immediately starts 
the measurement at the timing tn+1, performs the measurement 
("B measurement 1") over approximately the same time period 
as that of the network device 2a, and performs calculation 
("B calculation 1") . Since the network device 2a also 
terminates the calculation substantially simultaneously with 
termination of the "B calculation 1", the network device 2b 
waits for temination of the data output from the network 
device 2a and, then, outputs data "B output". 

The network device 2b performs the measurement in 
synchronization with the measurement timings of the network 
device 2a in the manner described above. 

Although the network device 2a performs the measurement 
at the same timings as those of the network device 2b, the 
network device 2b may delay start of the measurement for a 
predetermined time after detecting the measurement timing of 
the network device 2a, thereby alternately performing the 
measurement by the network device 2a and the measurement by 
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the network device 2b. The alternate measurement can 
prevent interference in transmission and reception of 
millimeter waves when the network device 2a and the network 
device 2b, serving as millimeter- wave radars, detect the 
millimeter waves . 

Fig. 3 is a flowchart showing a process of the 
arithmetic processor 22 in the network device 2b, First, 
the arithmetic processor 22 substitutes an initial value of 
zero for a counted value "n" indicating how many times the 
measurement and the data output have been performed and 
starts the built-in timer (SI) . Then, the arithmetic 
processor 22 determines whether the "A output" is started to 
be output on the bus 1 (82) . If the controller 23 detects 
that the "A output" is started to be output on the bus 1, 
the arithmetic processor 22 holds the value of the built-in 
timer as "tn+1" (S3) . The arithmetic processor 22 
calculates a difference between the value "tn+1" and the 
detected timing "tn", which is the timing when the "A 
output" is started, as a measurement cycle "T" (S4) . 

After the arithmetic processor 22 measures the 
millimeter wave, the arithmetic processor 22 performs the 
calculation to yield a measurement result (S5^S6) . Then, 
the arithmetic processor 22 determines whether the bus is 
idle. If the arithmetic processor 22 determines that the 
bus is not idle, the arithmetic processor 22 waits for the 
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bus to be idle and outputs the measurement data "B output" 
on the bus 1 (S7— >S8) . 

In preparation for the subsequent measurement and data 
output, the arithmetic processor 22 increments the counted 
value "n" by one and waits for start of the subsequent "A 
output" (S9->S2) . 

The network device 2a and the network device 2b repeat 
the measurement and calculation in the same cycle by 
repeating the above process. 

Although the network device 2a and the network device 
2b are exemplified in the above example, the same applies to 
other network devices other than the network device 2a and 
the network device 2b, That is, each network device may 
detect the "A output" and may calculate the measurement and 
calculation cycle "T" of the network device 2a to perform 
the measurement and calculation in synchronization with the 
measurement and calculation cycle of the network device 2a. 

Independently of whether the "A calculation n+1" 
terminates simultaneously with the "B calculation 1" or 
whether the "B calculation 1" terminates slightly earlier 
than the "A calculation n+1", always providing a 
predetermined waiting time after the network device 2b 
terminates the "B calculation 1" causes the "B output" to be 
output after the "A output", and the "B output" is always 
output in the cycle "T" . Accordingly, the other network 
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devices may detect the timing when the "B output" is started 
and the cycle "T" . This allows the other network devices to 
be synchronized with the measurement and calculation timing 
of the network device 2a and the network device 2b. 

In the example in Fig, 2, when the "A output" is output 
on the bus, the network device 2b performs the "B 
measurement" in synchronization with the "A measurement" on 
the basis of the timing of the "A output" and information 
concerning the measurement timing, included in the "A 
output". However, the synchronizing device (the network 
device 2b) is not limited to a device having measurement 
means and may be a device performing any processing in 
synchronization with the "A measurement" . 

Next, a network according to a second embodiment will 
be described with reference to Figs. 4 and 5. 

The network according to the second embodiment has a 
structure similar to that of the network in Fig. 1. 
According to the first embodiment, the measurement and 
calculation timing "T" of the network device 2a, which is 
the reference timing, is yielded from the timing when the 
output of the data "A output" is started. In contrast, 
according to the second embodiment, the measurement and 
calculation timing of the network device 2a, which is the 
reference timing, is detected on the basis of data included 
in the "A output" , 
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Fig. 4 is a timing chart of the bus and the network 
devices 2a and 2b in the network according to the second 
embodiment . 

It is assumed that the network device 2a in Fig. 4 is a 
millimeter -wave radar and the network device 2b is a charge 
coupled device (CCD) camera. The network device 2a repeats 
the measurement and calculation at a predetermined period 
"T" and outputs the data "A output" on the bus 1 immediately 
after the calculation is terminated. The measurement timing 
of the network device 2a is unknown to the network device 2b 
at first. 

First, the network device 2a starts the measurement 
after "dl" elapses from the time "tl" when the network 
device 2a outputs the previous measurement data on the bus 1 
terminates the measurement after "d2" elapses from the time 
"tl", and performs the calculation without delay. After 
terminating the calculation, the network device 2a outputs 
the data "A output" on the bus 1. The "A output" includes 
information dl indicating the start timing of the 
measurement and information d2 indicating the end timing of 
the measurement, in addition to the measurement data. 

After starting the operation, the network device 2b 
detects the timing when the "A output" is started to be 
output on the bus 1 and extracts the inf omnation dl and the 
information d2 concerning the measurement timing, included 
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in the "A output". 

The network device 2b waits until a time indicated by 
the "dl" elapses from the timing "tn+1" when the output of 
the "A output" is started and starts the measurement ("B 
measurement 1"). This measurement is terminated after a 
time indicated by the "d2" elapses from the timing "tn+1". 
The network device 2b then performs the calculation ("B 
calculation 1") to yield a calculation result. 

The measurement ("B measurement 1") by the network 
device 2b is performed at the same timing as that of the 
measurement ("A measurement n+1") by the network device 2a. 

After waiting for the bus 1 to be idle, the network 
device 2b outputs the measurement result "B output" . The 
measurement result "B output" may include the information dl 
indicating the start timing of the measurement and the 
information d2 indicating the end timing of the measurement, 
like the "A output". 

The network device 2b detects the measurement and 
calculation timings of the network device 2a and performs 
the measurement and calculation in synchronization with the 
measurement and calculation timings of the network device 2a 
in the manner described above . 

The time when the network device 2a starts the 
operation is not specifically limited. The network device 
2a may start the operation after the network device 2a is 
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ready for the operation, may start the operation immediately 
after the network device 2a detects an output from another 
certain network device, or may start the operation on the 
basis of the output information. 

Fig. 5 is a flowchart showing a process of the 
arithmetic processor 22 in the network device 2b, according 
to the second embodiment . 

First, the arithmetic processor 22 substitutes an 
initial value of zero for a counted value "n" indicating how 
many times the measurement and the data output have been 
perfoirmed and starts the built-in timer (SI) . Then, the 
arithmetic processor 22 determines whether the "A output" is 
started to be output on the bus 1 (S2) . If the controller 
23 detects that the "A output" is started to be output on 
the bus 1, the arithmetic processor 22 holds the value of 
the built-in timer as "tn+1" (S3) . 

' The arithmetic processor 22. reads out the information 
dl and the information d2 concerning the measurement timing 
and waits for the value of the built-in timer to become 
"tn+1 + dl" (S4->S5) . If the value of the built-in timer 
becomes "tn+1 + dl", the arithmetic processor 22 performs 
the measurement ("B measurement 1") and the calculation ("B 
calculation 1") (S6) . Then, the arithmetic processor 22 
determines whether the bus is idle. If the arithmetic 
processor 22 determines that the bus is not idle, the 
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arithmetic processor 22 waits for the bus to be idle and 
outputs the measurement data "B output" on the bus 1 
(S7->S8) . 

In preparation for the subsequent measurement and data 
output, the arithmetic processor 22 increments the counted 
value "n" by one and waits for start the subsequent "A 
output" (S9->S2) . 

The network device 2a and the network device 2b repeat 
the measurement and calculation in the predetermined cycle 
by repeating the above process. 

Next, a network according to a third embodiment will be 
described with reference to Figs. 6 and 7. 

The network according to the third embodiment has a 
structure similar to that of the network in Fig. 1. 
According to the second embodiment, the time period "dl" 
from the timing when the network device 2a starts to output 
the measurement result to the time when the network device 
2a starts the subsequent measurement and the time period 
"d2" from the timing when the network device 2a starts to 
output the measurement result to the time when the network 
device 2a terminates the measurement are constant. In 
contrast, the third embodiment is applicable also to a case 
where the information dl and the information d2 concerning 
the measurement timing of the network device 2a are 
inconstant . 
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Fig. 6 is a timing chart of the bus and the network 
devices 2a and 2b in the network according to the third 
embodiment . 

The network device 2a starts measurement ("A 
measurement n") at a time after "din" elapses from a time 
"tn" when the network device 2a outputs the previous 
measurement data on the bus 1, terminates the measurement at 
a time after "d2n" elapses from the time "tn", and 
immediately performs calculation ("A calculation n"). After 
the calculation is terminated, the network device 2a outputs 
measurement data "A output" at a time "tn+1" if no data 
exists on the bus 1 (idle state) . This measurement data 
includes the information din and the information d2n 
concerning the measurement timing. Then, the network device 
2a starts the measurement ("A measurement n+1") at a time 
" (tn + din + T)", terminates the "A measurement n+1" at a 
time " (tn + d2n + T) " , and immediately performs the 
calculation ("A calculation n+1"). Reference numeral "T" 
denotes a measurement cycle of the network device 2a and is 
given by T = (tn + din) - (tn-1 + dln-1) . After the "A 
calculation n+1" is terminated, the network device 2a 
outputs the measurement data "A output" if no data exists on 
the bus 1 (idle state) . This measurement data includes 
information dln+1 and information d2n+l concerning the 
measurement timing. 
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In contrast, after starting the operation, the network 
device 2b detects the timing "tn+1" when the "A output" is 
started to be output on the bus 1 and extracts the 
information din and the information d2n concerning the 
measurement timing, included in the "A output" . Since the 
network device 2b also knows the measurement cycle "T" from 
T = (tn + din) - (tn-1 + dln-1) , the network device 2b waits 
until the time " (tn + din + T) " and performs the measurement 
("B measurement 1") until the time " (tn + d2n + T) " . 
Accordingly, the measurement ("B measurement 1") by the 
network device 2b is performed at the same timing as that of 
the measurement ("A measurement n+1") by the network device 
2a. 

Then, the network device 2b performs the calculation 
("B calculation 1") to yield a measurement result, waits for 
the bus 1 to be idle, and outputs the measurement result "B 
output" . 

Fig. 7 is a flowchart showing a process in the 
arithmetic processor 22 in the network device 2b, according 
to the third embodiment . 

First, the arithmetic processor 22 substitutes an 
initial value of zero for a counted value "n" indicating how 
many times the measurement and the data output have been 
performed and starts the built-in timer (SI) . Then, the 
arithmetic processor 22 determines whether the "A output" is 
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Started to be output on the bus 1 (S2) . If the controller 
23 detects that the "A output" is started to be output on 
the bus 1, the arithmetic processor 22 holds the value of 
the built-in timer as "tn+1" (S3) . 

The arithmetic processor 22 reads out the information 
din and the information d2n concerning the measurement 
timing from the "A output" and calculates a measurement 
cycle "T" by T = (tn + din) - (tn-1 + dln-1) (S4->S5) . Here, 
"tn" denotes a timing when start of the previous "A output" 
is detected, "tn-1" denotes a timing when start of the 
second previous "A output" is detected, and "din" denotes a 
value read from the "A output" output at the timing "tn+1. 

Then, the arithmetic processor 22 waits for the value 
of the built-in timer to become " (tn + din + T) " {36) . If 
the value of the built-in timer becomes " (tn + din +T) " , the 
arithmetic processor 22 performs the measurement ("B 
measurement 1") and the calculation ("B calculation 1") (S7) . 
The arithmetic processor 22 determines whether the bus is 
idle. If the arithmetic processor 22 determines that the 
bus is not idle, the arithmetic processor 22 waits for the 
bus to be idle and outputs the measurement data "B output" 
on the bus 1 (S8->S9) . 

In preparation for the subsequent measurement and data 
output, the arithmetic processor 22 increments the counted 
value "n" by one and waits for start of the subsequent "A 
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output" (S10->S2) . 

The network device 2b repeats the measurement and 
calculation in synchronization with the network device 2a in 
the manner described above, even when the time period from 
the start of the "A output" to the start of the "A 
measurement" is inconstant. 

The network device 2b detects the measurement and 
calculation cycle "T" of the network device 2a and performs 
the measurement and calculation at the same timings as the 
network device 2a, in synchronization with the start and end 
timings of the subsequent measurement with respect to the 
timing when the previous measurement data is started to be 
output from the network device 2a. 
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